Objectives to investigate the possible mechanism underlying the protective effect of growth hormone (GH) on hippocampal function during periods of acute stress. Methods the effects of coapplication of GH and corticosterone (CORT) at different concentration on field excitatory postsynaptic potential (fFEPSPs) of hippocampal slices of rats at two different age groups were examined. Also, the protein expression of N-methyl-D-aspartate receptor (NMDARs) subunits; NR1, NR2B, and NR2A in hippocampal brain slices treated with artificial cerebrospinal fluid (ACSF) or low concentration of CORT alone or both CORT and GH for three hours were measured. Results We found an additive effect of co-application of CORT and GH on hippocampal synaptic transmission compared to CORT alone. Furthermore, we found that the combined use of low concentration of GH and CORT have significantly higher effects on enhancement of fFEPSPs in old rats compared to young ones. We showed that both GH and CORT enhanced protein expression of NR2A subunit of NMDARs. Meanwhile, we demonstrated that the coexposure to low concentration of GH and CORT significantly enhanced NR2B expression and increased the NR2B/NR2A. In contrast, perfusion with CORT alone caused significant suppression in NR1 and NR2B protein expression and decrease in NR2B/NR2A.
INTORDUCTION
Stress causes the release of large amounts of glucocorticoids (GCs) that affect the brain, particularly the hippocampus. 1 Corticosteroids released during stress induces memory retrieval impairment that could be abolished through lowering blood GC pool in corticosteroid binding globulin knock-out mice and restored by CORT infusion into the hippocampus. 2 Early exposure of immature hippocampus to traumatic experience is associated with human posttraumatic stress disorder, although there was no memory recalled of the past trauma. 3 Previous studies indicate that GH therapy have a protective effect on cognitive brain function. In earlier work we demonstrated that growth hormone (GH) has beneficial effect on synaptic transmission in CA1 area of rat hippocampus. 4 Aging and repeated stress could damage the hippocampus that is considered as a vulnerable CNS structure. 5 Overexpression of GH reversed stress-induced decrease in both acquisition and long-term storage of fear memory, thus, promoting the ability of hippocampus to combat stress. 6 We wondered if co-exposure to low concentration of GH and CORT would have any beneficial effect on hippocampal synaptic transmission compared to CORT
alone. Therefore, we tested the effects of coexposure of GH and CORT at different concentration on fFEPSPs in hippocampal slices of rats at two different age groups.
NMDA receptor antagonist 3-[(R)-2-
carboxypiperazin-4-yl]-propyl-1-phosphonic acid (CPP) impairs both long term potentiation (LTP) and long term depression (LTD) in hippocampal dentate gyrus of rat. 7 We hypothesized that CORT would modulate hippocampal synaptic function through the NMDA receptors. Therefore, we tested the change of protein expression of NMDA receptor subunits; NR1, NR2B, and NR2A in hippocampal brain slices treated with ACSF or low dose of CORT alone or both CORT and GH for three hours.
MATERIALS AND METHODS

Overall classification of the studied groups
Field potential recording
To test if there is any additive effect could be gained by treatment with GH in slices
pretreated with CORT; we either perfuse the slices from young adult rats with CORT only for two hours or with GH only for two hours or with CORT for one hour followed by combined CORT + GH at different concentration.
To test if there is any additive effect could be
gained by treatment with CORT in slices pretreated with GH; we perfuse the slices from both young adult and old rats with either GH for 2 hours or for 1 hour followed by combination of GH + CORT for another hour.
Western Blotting
To To study the interactions of GH and CORT on synaptic transmission, we either perfuse the slices from young adult rats (5 to 6 animals in each group) with GH (0.1, 0. 
Data Analysis
Field potentials data were collected and analyzed using WinWCP program (John Conversely, Co-exposure to GH (0.5nM) and CORT (5nM) in the second hour causes insignificant additional enhancement of fFEPSP that is caused by GH (0.5nM) alone for one or two hours (Fig. 2) . Highly significant interaction of GH 0.5nM and CORT 5nM was found by two way ANOVA (table 2) . Insignificant interaction of GH 2nM and CORT 30nM was found by two way ANOVA (table 3) . Co-exposure to GH (2nM) and CORT (30nM) respectively in the second hour causes significant additional enhancement of fEPSP that is caused by CORT (30nM) alone in the first hour. (Fig. 3) .
RESULTS
In
Effect of application of CORT 30nM and GH
The effect of application of CORT and GH on the fFEPSP of young and old rats:
To examine if the additive effect of CORT and GH in young adult rat will also be seen in old rats. The additive effect of coexposure to small dose of CORT 5nM and GH 0.5nM in the second hour on the enhanced fFEPSP by GH 0.5nM alone in the first hour is significantly higher compared to baseline recording, compared to the first hour in old rats only, and in old rats compared to young rats in both first and second hour (Fig. 4) . Significant interaction of GH 0.5nM and CORT 5nM in young adult and old rats was found by two way ANOVA (table 4). alone or CORT 5nM + GH 1nM. We found that CORT treatment 5nM for 3 hours significantly decreased the expression of NR1 and NR2B subunits of NMDA receptors and increased the NR2A subunit compared to control slices treated with ACSF alone for 3 hours (Fig. 5 a, a´) .
Treatment of slices with CORT 5nM + GH 1nM for 3 hours significantly increased the expression of NR2A and NR2B and did not change NR1
protein expression compared to control slices treated with ACSF for 3 hours (Fig. 5 b, b´) .
Exposure of hippocampal brain slices to CORT 5nM alone caused significant suppression in the NR2B/ NR2A ratio compared to control (ACSF). Co-exposure of hippocampal brain slices to CORT 5nM and GH 1nM for 3 hours significantly increased the NR2B/ NR2A ratio compared to control (ACSF) as well as compared to CORT 0.5nM exposure alone (Fig.   5 c) .
DISCUSSION
Normal aging-induced decrease in GH is associated with a decrease in learning and memory function of the hippocampus and its glutamatergic function in rats and humans. 14 We reported in a previous work that GH has beneficial effect on hippocampal synaptic function. 4 It was reported that adrenal steroids given at low to moderate doses over hours enhanced synaptic and memory function, while hippocampal fFEPSPs that is concentration and age dependent. This additive effect was significantly higher in old rats compared to young aged rats suggesting a protective effect of GH against stress especially in old age. The beneficial effect of GH in both young and old rats is supported by previous study showing that 
